It is desirable to be able to determine accurately the total energy exchange of human subjects who are to be observed for a number of consecutive days during which a variety of diets may be fed and a certain amount of activity must be permitted. The chamber calorimeter is in general impractical, nor is the average heat production obtained through repeated determination by means of indirect calorimetry satisfactory. We have accordingly taken up the question whether a third method recently brought forward by Benedict and Root (1) could not be modified to meet this need. They have shown that the amount of the "Insensible Perspiration" bears a definite quantitative relationship to the metabolic rate under basal conditions. They obtained the loss of weight per hour of subjects in the basal state by means of a delicate balance, sufficiently large to support the necessary weight; and plotted this against the basal calories for twenty-four hours, obtained by a standard method. By so doing they found that the heat loss for a unit of time is a linear function of the insensible loss of weight for that interval of time. They accordingly concluded that the twenty-four-hour basal heat production could be predicted from the hourly basal insensible loss of weight.
The insensible loss of weight includes of necessity the water vapor eliminated from the body. This vaporization of water is an important mechanism for the removal of heat. If the insensible loss of weight bears a constant relationship to the heat elimination, it is necessary that two conditions be fulfilled: (1) The organism must lose a fixed proportion of its heat by vaporization of water and (2) the weight of Aided by a grant from The Fellowship Corporation.
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water vapor must bear a fixed relationship to the total insensible loss of weight.
Numerous studies of the proportion of the total heat eliminated, effected through the vaporization of water have been made by means of the calorimeter. Soderstrom and Du Bois (2) point out the difficulties in determining accurately the water vapor given off, in the calorimeter, since the rate of ventilation may not always be sufficient to maintain a constant humidity. They'state that the error may be as much as 10 per cent. The results they obtained with a group of normal men, some of the same men following the ingestion of food, a group of boys twelve to thirteen years old, and a group of old men, On theoretical grounds, two major objections present themselves. First, if the to'tal heat elimination is to be used as a measure of the total energy expenditure, the performance of mechanical work must be avoided or measured. Second, it will be recalled that the validity of this method rests upon the constancy of the relationship between the total insensible loss of weight, and the weight of water vaporized. From Isenschmid's equation, it is obvious that this relation is effected by variations in the difference between carbon dioxide excreted and the oxygen absorbed. In other words, the nature of the metabolic mixture will effect this relationship. The degree to which it is effected may easily be calculated as follows: An hypothetical individual has a basal metabolic rate of 2025 calories per twenty-four-hours. The respiratory quotient is 0.82, under these conditions he will absorb 600 grams of oxygen and give off 676 grams of carbon dioxide. The 2 It will be further seen that these results confirm those of Benedict and Root in that the twenty-four hourly loss of heat predicted from the hourly insensible loss of weight agrees with the twenty-four hourly heat production determined by the Tissot method.
weight of the water vapor given off may be calculated, since approximately 28 per cent3 of the total heat loss is effected in this way. The i2025x O.28\ amount is 978 grams K058
). Therefore, the insensible loss of weight = 978 grams + 676 grams -600 grams which is 1054 grams. When, therefore, the respiratory quotient is 0.82, the weight of the water vaporized will be 92.8 per cent of the total insensible loss of weight. If the heat production remains the same, but the quotient becomes 1.00 instead of 0.82, the individual will absorb 573 grams of oxygen and give off 788 grams of carbon dioxide. The insensible water remains the same. Hence, the total insensible loss of weight becomes 1193 grams. In this case, the weight of the water vapor becomes 82 per cent of the total insensible loss of weight.
On the other hand, when the'respiratory quotient is 0.707, the insensible loss of weight becomes 940 grams and therefore it will be seen that the weight of the water vapor is 104 per cent of the total insensible loss. It is therefore theoretically true that an individual with a heat production of 2025 calories might lose insensibly an amount of weight which varies from 940 grams to 1193 grams. What does this variation signify in terms of predicted heat loss? By consulting the table of Benedict and Root, it will be noted that each increment of one gram of the insensible loss of weight corresponds to thirty-one calories per twenty-four-hours. The maximal variation in the insensible loss of weight for the subject whose heat production was 2025 calories, was 253 grams. This would represent a variation of 315 calories per twenty-four-hours, or 15 per cent of the total heat production. When the usual basal respiratory quotient of 0.82 exists, the maximal variation from it to unity is 8 per cent, and from it to 0.707, 7 per cent. Since Benedict and Root obtained the data for their table from subjects in the basal state, the respiratory quotients were presumably in the neighborhood of 0.82. Since neither pure carbohydrate nor fat furnish all the energy for the twenty-four-hour period, the possible error in the extension of Benedict's and Root's values to the twenty-four-hour state would be less than 8 per cent.. The probable error is less than 5 per cent, the usual error allowable in other methods of determining energy outgo.
'We have used the value oltained by us.
If it is desired to obtain the weight of the insensible perspiration for twenty-four-hour periods in subjects who are taking food and voiding excreta, allowance must be made for the weight of these materials. Under these circumstances the difference between the subject's weight at the beginning and at the end of the period is not merely the weight of the insensible perspiration; for the second weight of the subject has been "sensibly" increased by the weight of the ingesta and "sensibly" diminished by the weight of the urine and stool. In Total calories for the 24 hours = 1800 order to correct for these factors, the weight of the ingesta was added to the weight of the subject at the beginning of the period, and the combined weight of the urine and stool was added to the weight of the subject at the end of the period. The difference between these corrected weights of the subject now represents the weight of the insensible perspiration for the period.4 Table 3 is an example of the application of this procedure for obtaining the total insensible losk of weight.5 The hourly insensible loss is obtained by dividing the total insensible loss by the length of the period expressed in hours. The twenty-four-hour calories, which correspond to this value, may be found by reference to the prediction table of Benedict and Root. In the use of this method it is necessary to guard against two major sources of error. Benedict and Root pointed out the interfering effect of sweating on the one hand; and of lowering the skin temperature by undue exposure, on the other hand. If water in the liquid state (sweat) leaves the body, weight will be lost but heat will not. The water must be evaporated in order to remove heat. Hence an insen- sible loss that includes sweat will be too great when used as a measure of heat loss. Contrawise, when the skin is cold, less than the usual amount of heat will be removed by vaporization and the per cent of heat lost by that method will accordingly be less than the assumed amount. Hence it is necessary that the subject be consciously neither hot nor cold. The ideal skin temperature for this method of determining heat elimination has not yet been worked out. In order to study the influence of sweating, an obese but otherwise 5The subject was weighed by the "silk" scales (1) , which is accurate to ten grams. The excreta and drinking water were weighed on a balance accurate to one gram. The individual items of food were weighed to one-tenth gram, and the total for the day recorded to one gram. normal woman, was confined to bed for a number of days. During this time persons were employed to watch her continuously so that we could be sure that no irregularities in our plan of investigation occurred. The average of four determinations of the basal rate gave 1935 calories for twenty-four-hours. During the period in question, the weather was cool the first day but became progressively hotter and wetter during the next four days. The hourly insensible loss of weight was correspondingly higher on each succeeding day until a large electric fan was directed at the subject. The unavoidable sweating which had been marked on July 1st and 2nd, ceased and the insensible loss of weight declined sharply. The data will be found in table 4 . When the environmental temperature is low, the same per cent of heat is lost by evaporation provided the skin temperature is kept sufficiently high by means of clothing, but when the skin temperature, due to exposure, falls below the critical level (still to be determined) less than the usual amount of water is evaporated from its surface. As a result, the relationship between insensible perspiration and total heat loss in the sense of Benedict and Root, no longer exists.
The interference caused by exposure was very marked in the case of one, of our subjects who was allowed to be up in a wheel chair. She did not co-operate well and often was out of bed for more than an hour at a time with her legs entirely uncovered and the rest of her body insufficiently clad. In her cas,e, the prediction of total calories from -the insensible loss sometimes gave values less than the basal calories (table 5) .
Some weeks later, when the basal calories were about 1550 for twenty-four-hours, the same subject was confined to bed for three days under continuous guard. Under these conditions the hourly insensible loss became an entirely satisfactory means of predicting the total heat loss, as will be seen by consulting table 6 . The predicted total calories were 25 per cent greafer than the basal calories.
Under carefuly controlled conditions, we have determined the insensible perspiration for a series of consecutive twenty-four hour periods.
The subject was a normal man, thirty-two years old, who understood the nature of the investigation and whose co-operation was ideal. The upper line A shows the total twenty-four hourly heat production obtained by means of the insensible loss.
The data of the last period of this study are presented in detail.
The period began at 8:40 a.m. on January 9 and ended at 8:40 a.m.
on February 16, 1929 . From January 9th through January 15th the subject received a diet containing 2091 calories and intended to furnish the energy required for maintenance. Thereafter the diet contained 1078 calories. The daily record of the weights of the subject and of the "sensible" ingesta and excreta are contained in table 7. Table 8 contains the corrected weight of the subject at the beginning and end of each twenty-four-hour period. The subtraction of the second from the first corrected weight gives the insensible loss for each twentyfour-hours (column 4). In order to conform to the prediction table of Benedict and Root this has been converted into "loss per hour." In the last column the total heat eliminated, predictable from the hourly insensible loss, has been set down.
In figure 1 , the total twenty-four-hourly heat elimination is plotted together with the basal calories for twenty-four-hours obtained by the Tissot method. It will be seen that in general the total heat elimination shows the expected relationship to the basal metabolic rate. It is roughly 30 per cent greater. That is about the difference one anticipates between the total and basal calories for persons in bed. In the middle of the period (January 29 to January 30) there is an increase in both total and basal heat production. At this time the subject was visited by a person of the opposite sex in whom he had a deep interest.
It is further interesting to note the rapid fall in total heat production during the first three days in bed. It is apparent that during this time he accustomed himself to the enforced quiet. From then on, the maximal variation in total calories was 420 calories which represents approximately 25 per cent of his average outgoing calories. It is not unreasonable to believe that under these conditions, this variation may be entirely accounted for by different amounts of activity. Since there was a declining heat production coincident with a decrease in weight, this variation becomes less significant. This series of observations demonstrates the applicability of this method to the determination of the total twenty-four-hourly heat elimination.
CONCLUSIONS
The statement of Benedict and Root that the basal metabolic rate may be accurately predicted from the basal insensible loss of weight has been confirmed.
The principle has been modified so that it may be satisfactorily used to measure the total heat production of human subjects, if pre-
